ABSTRACT
INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related deaths worldwide. In the past two decades, the role of the IGF axis in the pathogenesis of various neoplasms, including HCC, has been a focus of research [1] . Some case-control studies have supported a positive association between the insulin-like growth factor-1 (IGFI) level and the risk of liver cancer [2] [3] [4] . Indeed, in clinical practice, IGFI is used to assess HCC reserve capacity [5, 6] and as a prognostic marker for HCC progression and survival [3] . However, further research is needed.
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Insulin-like growth factor-1 (IGF1), which is synthesised by the liver, is an important regulator of cellular proliferation, differentiation and apoptosis [7] [8] [9] . These effects can be inhibited by IGFBP3, which binds to and prevents IGFI from binding to type 1 insulinlike growth factor receptor (IGFI-R) [10] . About 99% of circulating IGF1 is bound to IGF-binding proteins, with most bound to IGF-binding protein 3 (IGFBP3). Less than 1% of circulating IGF1 is in an unbound form [11] . The IGF system is involved in the pathogenesis of several malignancies, including breast, prostate, colorectal, and gastric cancer [7, 9] . The development of HCC is reportedly correlated significantly with low IGFI and IGFBP3 levels and a high IGFI/IGFBP3 molar ratio [12] [13] [14] . Additionally, low baseline serum IGF1 levels are reportedly associated with shorter time-to-progression (TTP) and poorer overall survival (OS) in patients with HCC, irrespective of the grade of hepatic dysfunction [15, 16] . However, these studies were hampered by their low quality and small sample sizes. We performed a systematic review and meta-analysis of 20 studies to investigate the associations of IGF1 components with HCC and to examine their ability to predict the survival and prognosis of HCC patients.
RESULTS

Literature search and selection
Initially, 1172 records were retrieved by searching the Cochrane Library, PubMed, and EMBASE databases. After removal of duplicates, 834 articles were screened. Of these articles, 732 were excluded by reading the titles and abstracts, and the remaining 102 articles underwent detailed evaluation of the full text. A further 82 studies were excluded as they did not meet the inclusion criteria. Finally, 20 studies were included in our systematic review and meta-analysis: 3 case-control and 17 cohort studies ( Figure 1 ). Eleven studies investigated the roles of IGF-1, IGFBP3, and the IGF-I/IGFBP3 molar ratio in the development of HCC (Table 1A) , and nine studies assessed the ability of serum IGF1 level to predict the TTP and OS of HCC patients (Table 1B) .
Characteristics of participants
The characteristics of the participants are presented in Table 1A and 1B. The study involved 1,798 HCC patients, 324 cirrhosis patients, and 1,502 healthy controls. The studies were published from 2000 to 2016. Seventeen were hospital-based studies, and three were populationbased studies. Six studies were performed in Europe, four in the United States, four in Africa, and six in Asia. Of the 20 studies, 3 were case-control studies, and 17 were cohort studies; all involved only adults. Serum IGF1 and IGFBP3 levels were tested by enzyme-linked immunosorbent assay (ELISA) in all of the studies. The diagnosis of HCC was established based on biopsy, elevated alpha-fetoprotein level (AFP), and imaging techniques-such as ultrasound (US), three-phase dynamic computed tomography (CT), and magnetic resonance imaging (MRI)-according to the guidelines of the American Association for the Study of Liver Diseases [17] .
Serum IGF1 and IGFBP-3 levels in the healthy, cirrhosis, and HCC groups
The geometric mean serum levels of IGF1 and IGFBP3 differed significantly among the healthy, cirrhosis, and HCC groups independently of the degree of impairment of liver function ( Table 2 ). The serum IGF-I and IGFBP3 levels of the healthy group were significantly higher than those of the cirrhosis group (p < 0.01). HCC was associated with lower serum IGF1 and IGFBP3 levels compared to liver cirrhosis (p = 0.037). The effects of different detection methods (ELISA and radioimmunoassay), research designs (case-control, cohort, and cross-sectional study), settings (hospital-and population-based), and locations (Asia, North America, and Europe) on serum IGF1 levels were assessed. In HCC patients, there was no difference between cohort and cross-sectional studies (p = 0.056) or between data collected in hospital-and population-based settings (p = 0.367) ( Table 3) . Additionally, we assessed the association between the IGFI/ IGFBP3 molar ratio and the risk of HCC, odds ratio (OR, 1.311; 95% confidence interval (CI), 0.761-2.260; I-square, 46.86; p = 0.130) not showing a significant increase of IGF-I/IGFBP3 ratio in HCC incidence (data not shown).
Association of IGF1 level with TTP and OS
Low IGF1 levels were predictive of a shorter TTP (OR, 2.74; 95% CI, 1.92-3.90) and poorer OS (OR, 2.20; 95% CI, 1.81-2.68) in HCC patients, irrespective of the grade of hepatic dysfunction. No significant heterogeneity was observed among the studies. This suggests serum IGF1 level to be an independent prognostic factor for the survival ( Figure 2A ) and progression ( Figure 2B ) of HCC patients. The subgroup analysis indicated that use of different detection methods (ELISA and radioimmunoassay), research designs (clinical and cohort studies), and locations (Asia, North, America and Europe) had no significant influence on the TTP and OS of HCC patients (Table 4A and 4B).
Serum IGF1 levels according to clinical characteristics
The associations between clinical factors and baseline IGF1 levels are shown in Table 5 . HCC patients with the hepatitis C virus (HCV) infection 
Publication bias
No evidence of publication bias was detected in nine studies of the ability of serum IGF1 level to predict the (Figure 3 ).
DISCUSSION
High levels of circulating IGF-I and low levels of IGFBP-3 are reportedly associated with an increased risk of several common cancers, including those of the prostate, breast, colon, and lung [18] [19] [20] . However, no systematic review has evaluated the associations of IGF1 and IGFBP3 levels with HCC. We conducted a systematic review and meta-analysis of the association of serum IGFI and IGFBP3 levels with the risk of HCC. Low levels of IGF1 and IGFBP-3 were positively associated with the risk of HCC independently of the degree of impairment of liver function, consistent with previous reports [2, 21, 22] . Additionally, patients with cirrhosis had lower circulating IGF1 and IGFBP3 levels than healthy controls (p < 0.001). This is likely because of reduced secretion of the liver-derived factors IGF1 and IGFBP3 in cirrhosis and HCC patients with chronic liver damage and functional insufficiency [23] .
The free form of IGF1 induces cell proliferation and inhibits apoptosis in bone, cartilage, the central nervous system, and the kidneys. The IGF1 to IGFBP3 molar ratio represents the level of active IGF1 [24] , and patients with an IGF1 concentration higher than their IGFBP3 level are at an increased risk of liver cancer [25] . However, no significant association between the IGFI/IGFBP3 molar ratio and the risk of HCC (OR, 1.311; 95% CI, 0.761-2.260) was detected. In HCC patients, a low serum IGF1 level was predictive of a shorter TTP (OR, 2.74; 95% CI, 1.92-3.90) and poorer OS (OR, 2.20; 95% CI, 1.81-2.68), with no heterogeneity (I-square = 0), irrespective of the grade of hepatic dysfunction, which is consistent with previous reports [6, 13, 15, [26] [27] [28] [29] . Nine of the studies used identical statistical methods: (1) receiver-operating characteristic (ROC) curves for censored survival data to identify the optimum cut-off value for predicting outcome; [30] and (2) Cox proportional hazard regression analysis to evaluate independent risk factors for disease progression and OS [31] after adjustment for age, gender, HBV/HCV infection, AFP level, Child-Pugh class, BCLC stage, tumour nodularity, and vascular invasion. Serum IGF1 level was the most significant predictor of HCC progression and survival. A prospective study reported that a low IGF-I concentration at least 5 years before cancer diagnosis was associated with an increased risk of liver cancer [25] . Further, larger-scale studies of the ability of ILGF-1 level to predict HCC are warranted.
Additionally, circulating IGF-1 level was correlated with virus infection, Child-Pugh class, and BCLC stage of HCC patients. Therefore, the circulating IGF-1 level was associated with HCC progression. The circulating IGF-1 level is reportedly significantly correlated with survival, the synthetic function of the liver, and tumour parameters [27, 32] . Moreover, integrating plasma insulin-like growth factor-1 level into the Child-Turcotte-Pugh score (IGF-CTP score) resulted in improved risk stratification of HCC patients [6, 15] . The IGF-CTP score should thus be validated in further studies.
We analysed all available prospective studies that adjusted for potential risk factors, such as liver function and the clinical characteristics of HCC patients. However, this study had several limitations. First, the meta-analysis was vulnerable to the bias in the original studies, and the IGF1 and IGFBP3 assays and study design were not standardised, which led to different IGF1 and IGFBP3 levels among the studies. Future prospective studies should use a uniform study design and identical assays. Second, previous studies showed that energy and protein intake were associated with IGF1 and IGFBP3 concentrations 33, 34 , but we did not adjust for dietary parameters. Third, most of the included studies involved hospitalised patients, who may not be representative of the general population, likely leading to overestimation of the risk of HCC. Finally, the number of eligible studies was small, which may have influenced the accuracy of the results.
In conclusion, circulating IGF1 and IGFBP3 levels were positively associated with the incidence of HCC, IGF1 and IGFBP-3 levels of the healthy, cirrhosis, and HCC and the IGF1 level emerged as an independent prognostic factor for the progression and survival of HCC patients. Therefore, further large-scale, well-designed studies that consider a larger number of confounding factors are warranted.
MATERIALS AND METHODS
Search strategy
Case-control and cohort studies were identified by searching PubMed, EMBASE, and the Cochrane Library using the following keywords: Insulin-like growth factor-I, insulin-like growth factor binding protein 3, and hepatocellular carcinomas. Only English-language publications were included in the study. The databases were searched for articles published up to October 2016.
Selection of studies and data extraction
we included observational studies that met all of the following inclusion criteria: (1) case-control or cohort design; (2) use of adult subjects; (3) inclusion of a healthy control group and HCC patients with cirrhosis; (4) measurement of serum levels of IGF1 and/or IGFBP3 and calculation of means ± SDs; (5) calculation of odds ratio (OR) or relative risk (RR) of IGF1 serum level for HCC progression and survival; and (6) written in the English language. The following data were collected from each study: author, year of publication, study country, study setting, total number of subjects in each group, serological detection method for IGF1 and IGFBP3, basis for HCC diagnosis, and statistical adjustments made. The quality of the included studies was assessed using the NewcastleOttawa Scale (NOS) [35] , which was developed to assess the quality of nonrandomised studies in meta-analyses. On this scale, observational studies are scored in three categories: selection (four questions) and comparability (two questions) of the study group, and ascertainment of the outcome of interest (three questions). All questions have a score of one, with the exception of those addressing the comparability of study groups, for which separate points are awarded for controlling for age and/ or sex (maximum, two points). Studies with more than five points were included in the meta-analysis; one study [36] did not meet this criterion and was excluded from the analysis of the survival of HCC patients (Supplementary Figure 1) .
Outcomes
The primary analysis assessed the association of serum IGF1 and IGFBP3 levels with the incidence of HCC and the ability of a low IGF1 serum level to predict HCC progression and survival. The serum IGF1 levels of the HCC patients were analysed according to their clinical characteristics, such as age, gender, AFP level, ChildPugh class, BCLC stage, tumour nodularity, and vascular invasion.
Statistical analysis
statistical analysis was conducted using STATA 12.0 software (StataCorp LP, College Station, TX, USA). The Cochran Q chi-square test and the I 2 statistic were used to assess heterogeneity among the studies [37] . An I 2 value of > 50% or a p-value of < 0.05 for the Q-statistic was taken to indicate significant heterogeneity [38] . We used a fixed-effects model to estimate pooled odds ratios (ORs) and corresponding 95% confidence intervals (CIs) for HCC progression and survival. Additionally, the serum IGF1 and IGFBP levels of the healthy, cirrhosis, and HCC groups were subjected to one-way analysis of variance (ANOVA). Serum IGF1 levels were analysed according to the clinical characteristics of the HCC patients. Publication bias was analysed using a Begg funnel plot and the Egger test [43] .
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